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Rutaceae speciesColeonema album is an aromatic, medicinal and ornamental plant that is in high demand in the traditional med-
icine market. In order to meet the increasing demand while conserving those populations in the wild, this study
was aimed at developing an efﬁcient in vitro propagation protocol for C. album. The effect of different cytokinins
[four meta-topolins in comparison with 6-benzyladenine (BA), kinetin (KIN) and thidiazuron (TDZ)] on direct
organogenesis from shoot-tip explants was examined. Each cytokinin was tested at 2.5, 5.0, 7.5 and 10.0 μM.
The effect of combining auxins with the optimal cytokinin concentration on shoot proliferation was also investi-
gated. At equimolar concentrations, all treatments with BA, meta-topolin (mT, except 10 μM), meta-topolin
riboside and meta-methoxytopolin tetrahydropyran-2-yl signiﬁcantly increased shoot production when com-
pared to KIN. The optimum cytokinin concentration for shoot production was 5.0 μMmTwith 14.5 shoots regen-
erated per explant. The exogenous addition of auxins further increased shoot proliferation (up to 18 shoots per
explant). The ﬁndings suggest an additive or synergistic effect of auxinwithmT in this study. Regenerated shoots
rooted on half-strengthMurashige and Skoogmedium supplementedwith indole-3-butyric acid (IBA)were suc-
cessfully acclimatized with a survival frequency above 70%.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The Rutaceae family (to which Coleonema album belongs) has about
161 genera and 1815 species worldwide, of which 21 genera and 289
species are native to southern Africa. Several species in this family are
of high horticultural value (Hossain et al., 2009; Jeeva, 2009) and
popularly used as medicinal plants (Esterhuizen et al., 2006a,b).
Propagation ofmany species in the Rutaceae through seeds is hampered
by seeds with low (or short-term) viability (Martyn et al., 2009), low
and slow seed germination rates (Hwang, 2005) and seed dormancy
(Fajinmi et al., 2013).
In vitro propagation techniques are alternative and effective means
of propagating plants which are difﬁcult to propagate from seeds.
Many researchers have recently reported the superiority of the topolins
(a new group of aromatic cytokinin with hydroxylated benzyl ring) in
plant tissue culture (Aremu et al., 2012). Although Baskaran et al.
(2014) reported the in vitro propagation method for Coleonema
pulchellum, there is no developed protocol evaluating the effects of
this new group of aromatic cytokinins for the genus Coleonema.ultiple range test; IAA, indole-3-
eta-topolin;mTR, meta-topolin
eta-methoxytopolin riboside;
S, Murashige and Skoog; NAA,
Z, thidiazuron.
hts reserved.As an ornamental species, C. album produces many small white
ﬂowers during the spring season. Its showy white ﬂowers and unique
aroma, mainly from its leaves, makes it of great aesthetic value.
C. album has been reported to have medicinal values such as antimicro-
bial (Esterhuizen et al., 2006a), antioxidant (Esterhuizen et al., 2006b)
and anti-inﬂammatory (Eldeen and Van Staden, 2008) activities. There
is currently an increase in demand for C. album in the traditional medi-
cine market. Its intensive collection from natural sources is a threat to
wild populations unless an effective means of conservation is put in
place. The establishment of an effective in vitro propagation protocol is
necessary tomeet the local and international demand for this highly uti-
lized plant. The present study was aimed at developing an effective
micropropagation protocol for C. album. The effectiveness of topolins
as compared to 6-benzyladenine (BA), kinetin (KIN) and thidiazuron
(TDZ) on shoot productionwas examined. The role of auxins in improv-
ing shoot production when combined with optimal cytokinin concen-
tration was also investigated.
2. Materials and methods
2.1. Plant material, surface decontamination, explant selection and bulking
up of explants
Three-month-old young plants (10–12 cm in height) derived from
cuttings were purchased from the South African National Biodiversity
Institute in Kirstenbosch, South Africa. The stock plants were potted
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Gardens, Pietermaritzburg, South Africa. Different explants (shoot-tip,
young leaf, petiole of young leaf and stem-cuttings) were collected in
a beaker and washed under running tap water for 2 min followed by
distilled water containing a few drops of liquid soap (Sunlight™).
Explants were surface decontaminated by soaking them in 70% ethanol
for 2 min followed by a 3.5% (m/v) NaOCl solution containing a few
drops of Tween 20 for 5 min. The explants were subsequently rinsed
four times with sterile distilled water. The surface decontaminated
explants were inoculated on full strength Murashige and Skoog (MS)
medium (Murashige and Skoog, 1962) containing 30 g l−1 sucrose
and 0.1 g l−1 myo-inositol with BA (0, 2.5, 5.0, 7.5, and 10.0 μM). The
pH of themedia were adjusted to 5.8 with HCl or KOH before solidifying
with 8 g l−1 agar (Bacteriological agar—Oxoid Ltd., Basingstoke, Hamp-
shire, England) and autoclaving at 121 °C and 103 kPa for 20 min. De-
contamination frequency and shoot regeneration rate were recorded
after 8 weeks of culture. The use of shoot-tips as explants was selected
based on preliminary ﬁndings. Plant material was subsequently bulked
up by culturing shoot-tips on MS medium supplemented with 2.5 μM
BA and 0.54 μM α-naphthalene acetic acid (NAA). Cultures were
grown under constant light provided by cool white ﬂuorescent tubes
(30 μmol m−2 s−1 photosynthetic photon ﬂux) at 25 ± 2 °C.
2.2. Inﬂuence of types and concentrations of cytokinins on shoot
proliferation
Seven cytokinins, each at four concentrations (2.5, 5.0, 7.5 and
10.0 μM) were added to full strength MS medium in a completely
randomised design. The cytokinins used were BA, KIN, meta-topolin
(mT), meta-methoxytopolin riboside (MemTR), meta-topolin riboside
(mTR), meta-methoxytopolin tetrahydropyran-2-yl (MemTTHP) and
TDZ. Two shoot-tip explants (1.0–1.5 cm length) were inoculated on
20 ml of medium in each screw cap jar. There were 20 jars per treat-
ment. The medium without any plant growth regulator (PGR) served as
a control. Cultures were grown under constant light (30 μmol m−2 s−1
photosynthetic photon ﬂux) at 25 ± 2 °C. The total number of ad-
ventitious shoots produced per explant, number of adventitious shoots
5–10 mm long, number of adventitious shoots greater than 10 mm in
length, length of longest shoot and shoot fresh weight were recorded
after 12 weeks of culture.
2.3. Effects of different types and concentrations of auxin in combinations
with optimal cytokinin concentration on shoot proliferation
Based on the results obtained from thepreceding experiment, shoot-
tip explants (1.0–1.5 cm length) were inoculated on 20 ml MSmedium
supplemented with 5 μM mT alone and in combination with different
concentrations (0.5, 1.0 and 2.0 μM) of NAA or indole-3-butyric acid
(IBA). Full strength MS medium without any PGR was used as the con-
trol. Cultures were grown under constant light (30 μmol m−2 s−1 pho-
tosynthetic photon ﬂux) at 25±2 °C. A replicate of 20 jars (2 shoot-tips
per jar) was prepared for each of the concentrations. After 12 weeks of
culture, the number of adventitious shoots produced per explant, num-
ber of adventitious shoots 5–10 mm long, number of adventitious
shoots greater than 10 mm in length, length of longest shoot and
shoot fresh weight were recorded.
2.4. Rooting experiments
Regenerated shoots (2.5–3.5 cm in length) were inoculated on half-
strength MS medium supplemented with different concentrations
(0.5, 1.0, 2.0, 5.0 and 10.0 μM) of NAA or IBA. Cultures were grown
under constant light (30 μmol m−2 s−1 photosynthetic photon ﬂux)
at 25 ± 2 °C. Based on the results obtained, another set of experiments
was done using supplementation with only IBA and cultures incubated
under a 16-h photoperiod at 25 ± 2 °C. In each case, half-strength MSmedium without PGR was used as a control. A replicate of 20 jars
(2 shoots per jar) was prepared for each of the concentrations. After
6 weeks of culture, the number of roots, root length, number of addi-
tional shoots (offshoots) produced and frequencies of root, offshoot
and callus production were recorded.
2.5. Acclimatization of plantlets
Regenerated plantlets were directly planted in pots (7 cm diameter
perforated at the bottom) containing unsterilized sand, soil and vermic-
ulite in the ratio 1:1:1 (v:v:v). Three batches were made and subjected
to different conditions. The ﬁrst batchwas left in themist house for 24 h
before transferring to the greenhouse. The second batch was left in the
mist house for 8 h and subsequently transferred to the greenhouse. The
temperature of the greenhouse was regulated by a thermostat set at 15
°Cminimumand 25 °Cmaximum; humiditywas between55 to 60% and
the potted plants were watered once in two days. However, despite the
fact that the temperature was set, the greenhouse overheated and tem-
perature rose above 35 °C. The third batch was transferred to a shade
house (with 70% shade, maximum temperature of 25 ± 2 °C and mini-
mum temperature of 15 ± 2 °C) under natural light conditions (during
the evening time) immediately after potting and spraying with water
until the soil mixture was damp. The plants were watered once in two
days. In each case, the frequency of survival was recorded after 4 and
8 weeks.
2.6. Data analysis
All experiments were set up in a completely randomised design and
conducted twice. The data collected were square root transformed
(where appropriate) and subjected to analysis of variance (ANOVA).
Where there was a signiﬁcant difference (P ≤ 0.05), the mean values
were further separated using Duncan's Multiple Range Test (DMRT).
The analysis was done using SPSS software version 10.0.
3. Results and discussion
3.1. Inﬂuence of types and concentrations of cytokinins on shoot
proliferation
With the exception of KIN treatments, all other cytokinin treatments
signiﬁcantly increased shoot production when compared to the control
(Table 1). Although there was an increase in the number of shoots pro-
ducedwith an increase in KIN concentration, none of the concentrations
tested produced any signiﬁcant increase in shoot production when
compared to the control. This ﬁnding suggests that KIN is a relatively
weak cytokinin for shoot proliferation from shoot-tip explant in this
species. Kinetin concentrations much higher than those used in this
studymay be required to achieve a signiﬁcant increase in shoot produc-
tion. Similar observations regarding the low effectiveness of KIN
compared to other cytokinins such as BA have been reported in other
Rutaceae species such as in Phebalium spp (Jusaitis, 1995), Ruta
graveolens (Bohidar et al., 2008) and Aegle marmelos (Narayan et al.,
2010). However, the longest shoot and highest number of adventitious
shoots greater than 10 mm in length were observed in the treatment
with 2.5 μMKIN. The length of the longest shoot and shoot freshweight
decreased with an increase in cytokinin concentration in treatments
with KIN and MemTTHP. Overall, a large proportion of the regenerated
shoots in all the treatments (except 2.5 μM KIN) are small in size (5–
10 mm in length).
At equimolar concentrations, all the treatments with BA,mT (except
10 μM), mTR and MemTTHP signiﬁcantly increased shoot production
when compared to KIN. The optimum cytokinin concentration for
shoot production was 5.0 μM mT with 14.5 shoots regenerated per
explant (Fig. 1b). The number of adventitious shoots obtained at this
optimal mT concentration was signiﬁcantly higher when compared at
Table 1
Effects of types and concentrations of cytokinins on adventitious shoot production of Coleonema album after 12 weeks of culture.
Cytokinin (μM) Adventitious shoots per explant (n) Adventitious shoots (n) Length of longest shoot (cm) Shoot fresh weight (mg)
5–10 mm length N10 mm length
Control 3.2 ± 0.34l 1.7 ± 0.26l 1.5 ± 0.19bcdefg 1.7 ± 0.08bc 19.0 ± 1.85fghi
2.5 BA 10.1 ± 0.69defgh 8.6 ± 0.67defgh 1.5 ± 0.35bcdefg 1.3 ± 0.08efghi 26.6 ± 5.03bcdefg
5.0 BA 9.0 ± 0.95fghi 8.1 ± 0.89defghi 0.8 ± 0.15efg 1.2 ± 0.05fghi 20.1 ± 2.86fghi
7.5 BA 11.4 ± 1.24bcdef 10.2 ± 1.16bcde 1.2 ± 0.24cdefg 1.4 ± 0.05efg 17.3 ± 2.47ghi
10.0 BA 9.6 ± 0.87efgh 8.8 ± 0.89defgh 0.8 ± 0.09efg 1.3 ± 0.05efghi 11.9 ± 1.56i
2.5 KIN 3.9 ± 0.37kl 1.3 ± 0.23l 2.6 ± 0.29a 2.1 ± 0.11a 33.5 ± 4.06bc
5.0 KIN 3.8 ± 0.33kl 2.2 ± 0.32l 1.6 ± 0.20bcde 1.9 ± 0.10ab 30.2 ± 4.51bcdef
7.5 KIN 5.3 ± 0.54jkl 3.1 ± 0.41kl 2.2 ± 0.30ab 1.9 ± 0.15ab 26.7 ± 2.21bcdefg
10.0 KIN 5.5 ± 0.58jkl 3.7 ± 0.48jkl 1.8 ± 0.26abcd 1.7 ± 0.07cd 25.0 ± 2.36bcdefgh
2.5mT 11.7 ± 0.76abcdef 10.1 ± 0.78bcdef 1.6 ± 0.32bcde 1.4 ± 0.07def 16.8 ± 1.93ghi
5.0mT 14.5 ± 1.76a 13.2 ± 1.56a 1.3 ± 0.31cdefg 1.2 ± 0.05fghi 17.1 ± 2.03ghi
7.5mT 13.8 ± 1.83ab 12.7 ± 1.72ab 1.1 ± 0.24defg 1.3 ± 0.06fghi 16.2 ± 1.79ghi
10.0mT 7.1 ± 0.61hij 6.3 ± 0.59hij 0.8 ± 0.08efg 1.4 ± 0.06efgh 10.5 ± 1.13i
2.5 MemTR 7.9 ± 0.61ghij 6.1 ± 0.48hij 1.8 ± 0.30abcd 1.6 ± 0.10cde 21.4 ± 2.22efghi
5.0 MemTR 8.0 ± 0.65ghij 7.1 ± 0.64ghi 0.9 ± 0.14efg 1.2 ± 0.06fghi 20.5 ± 2.63fghi
7.5 MemTR 7.9 ± 0.41ghij 7.2 ± 0.38fghi 0.7 ± 0.09efg 1.1 ± 0.06hi 21.9 ± 3.47defghi
10.0 MemTR 8.1 ± 0.47ghij 7.5 ± 0.43efghi 0.6 ± 0.10g 1.1 ± 0.06i 20.4 ± 2.38fghi
2.5mTR 10.9 ± 1.00bcdefg 8.8 ± 0.77defgh 2.1 ± 0.40abc 1.4 ± 0.07efghi 22.1 ± 2.35cdefghi
5.0mTR 12.8 ± 1.17abcd 11.8 ± 1.07abc 1.0 ± 0.20defg 1.2 ± 0.05ghi 16.6 ± 1.43ghi
7.5mTR 10.7 ± 0.75cdefg 9.8 ± 0.76cdefg 0.9 ± 0.06efg 1.2 ± 0.05fghi 21.0 ± 2.89efghi
10.0mTR 13.2 ± 1.27abc 12.4 ± 1.30abc 0.8 ± 0.07efg 1.4 ± 0.06efgh 19.8 ± 2.52fghi
2.5 MemTTHP 9.0 ± 0.84fghi 6.7 ± 0.52hi 2.3 ± 0.43ab 1.7 ± 0.12cd 34.9 ± 4.09b
5.0 MemTTHP 9.9 ± 0.59defgh 8.6 ± 0.60defgh 1.3 ± 0.17cdefg 1.3 ± 0.04fghi 29.5 ± 4.10bcdef
7.5 MemTTHP 12.2 ± 0.88abcde 10.6 ± 0.81abcd 1.5 ± 0.34bcdef 1.3 ± 0.07fghi 21.7 ± 2.22efghi
10.0 MemTTHP 12.0 ± 0.82abcdef 11.0 ± 0.79abcd 1.0 ± 0.16defg 1.2 ± 0.04fghi 13.9 ± 1.11hi
2.5 TDZ 7.9 ± 1.73ghij 7.2 ± 1.76fghi 0.7 ± 0.11fg 1.3 ± 0.07fghi 35.4 ± 10.85b
5.0 TDZ 8.0 ± 0.92ghij 7.3 ± 0.99efghi 0.7 ± 0.11fg 1.2 ± 0.05fghi 46.3 ± 10.50a
7.5 TDZ 6.3 ± 0.81ijk 5.6 ± 0.86ijk 0.8 ± 0.10efg 1.4 ± 0.07efghi 32.2 ± 8.16bcde
10.0 TDZ 7.3 ± 1.60hij 6.3 ± 1.40hij 1.0 ± 0.18defg 1.3 ± 0.06fghi 33.2 ± 7.65bcd
Mean values within the same column followed by different letters are signiﬁcantly different (P ≤ 0.05) according to DMRT.
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This indicates thatmT inﬂuences a high level of differentiation in shoot-
tips of C. album.Meta-topolin is potentially a highly active alternative to
BA and other cytokinins for C. album shoot production. The effectiveness
ofmT has been attributed to its chemical structure which allows for the
production ofO-glucosidemetabolites (non-toxic and easily convertible
cytokinin storage form) from the hydroxyl group on the side chain
ofmT as well as its rapid translocation in plant tissues (Kamínek et al.,
1987; Werbrouck et al., 1996).Fig. 1. In vitro propagation of Coleonema album. (A) Control medium (without plant growth re
+ 1.0 μM NAA. (D) Medium containing 5.0 μM mT + 2.0 μM IBA. (E) Half strength MS med
5.0 μM NAA. (G) and (H) acclimatized plants after 4 weeks. Scale bar represent 1 cm.3.2. Effects of different types and concentrations of auxin in combinations
with optimal cytokinin concentration on shoot proliferation
The presence of auxin at all the concentrations tested gave an
increase in shoot proliferation (Table 2). In most cases, the number of
adventitious shoots produced, number of adventitious shoots greater
than 10 mm in length and the length of the longest shoot increased
signiﬁcantly with the presence of auxin when compared to cultures
without any auxin. The highest shoot production (18 shoots pergulator). (B) Medium supplemented with 5.0 μMmT. (C) Medium containing 5.0 μM mT
ium supplemented with 2.0 μM IBA. (F) Half strength MS medium supplemented with
Table 2
Effect of different types and concentrations of auxin in combination with optimalmeta-topolin concentration on shoot proliferation of Coleonema album after 12 weeks of culture.
PGR concentration (μM) Adventitious shoots
per explant (n)
Adventitious shoots (n) Length of longest shoot (cm) Shoot fresh weight (mg)
5–10 mm length N10 mm length
Control 6.4 ± 0.42c 3.2 ± 0.34b 3.2 ± 0.4abc 2.1 ± 0.10a 15.4 ± 1.11ab
5 mT 13.5 ± 0.73b 12.8 ± 0.75a 0.7 ± 0.17d 1.0 ± 0.04d 9.3 ± 0.74c
5 mT + 0.5 NAA 17.2 ± 1.49a 13.9 ± 1.08a 3.3 ± 0.62abc 1.3 ± 0.06c 11.1 ± 0.73c
5 mT + 1.0 NAA 17.6 ± 1.36a 13.5 ± 0.92a 4.1 ± 0.78abc 1.6 ± 0.12bc 11.8 ± 0.71c
5 mT + 2.0 NAA 17.1 ± 0.80a 12.0 ± 0.89a 5.1 ± 0.70a 1.8 ± 0.13b 16.5 ± 2.20a
5 mT + 0.5 IBA 15.9 ± 1.14ab 13.7 ± 1.12a 2.2 ± 0.38cd 1.3 ± 0.07c 11.0 ± 1.19c
5 mT + 1.0 IBA 16.3 ± 1.06ab 13.5 ± 0.86a 2.8 ± 0.61bc 1.3 ± 0.08c 9.5 ± 0.69c
5 mT + 2.0 IBA 18.1 ± 1.35a 13.5 ± 0.97a 4.6 ± 1.01ab 1.5 ± 0.08c 12.9 ± 1.22bc
Mean values within the same column followed by different letters are signiﬁcantly different (P ≤ 0.05) according to DMRT.
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2 μM IBA (Fig. 1d). Furthermore, an increase in the number of shoots
greater than 10 mm in length and the length of the longest shoot
were observed with an increase in auxin concentration. Depending on
the plant species and tissue type, auxins can interact with cytokinins
in a synergistic, additive or antagonistic manner at different levels to
produce a physiological response (Coenen and Lomax, 1997). The ﬁnd-
ings in the present study indicate an additive or perhaps a synergistic ef-
fect of auxins with meta-topolin on shoot proliferation in this species.
Aremu et al. (2012) observed that there is a dearth of information on
the interaction of topolins with auxins. Therefore, studies involving
the interaction or combination of auxins with topolins are undoubtedly
helpful in further elucidating and maximising the activities of topolins
in plant tissue culture (Amoo and Van Staden, 2013). Such studies are
important considering the fact that many developmental processes in
plants such as cell growth, cell division and differentiation aswell as or-
ganogenesis in tissue and organ cultures are controlled by an interaction
between cytokinins and auxins (Gaspar et al., 1996).
3.3. Rooting and acclimatization
Table 3 shows the effect of auxin types and concentrations on in vitro
root production under constant light. No root production was observed
in the control (without any auxin)whereas all the auxin concentrations
evaluated gave root production. In the treatments with NAA, the num-
ber of roots produced increased with an increase in concentration,
reaching the optimum at 2.0 μM. Root length appeared to decrease
(though not signiﬁcantly) with an increase in NAA concentration. Both
callus and offshoot production was observed at all NAA concentrations,
although the frequency of offshoot production appeared to decrease
with an increase inNAA concentration.On theother hand, no callus pro-
duction was observed in all IBA treatments. All the IBA concentrations
tested produced roots and offshoots. Root length increased signiﬁcantlyTable 3
Effect of auxin types and concentrations on Coleonema album root production under constant l
Auxin concentration
(μM)
Mean number of
roots
Mean root length
(cm)
Number of offshoots
produced
Fr
p
Control 0 0 4.4 ± 0.44ab
0.5 NAA 1.3 ± 0.33cd 1.5 ± 0.74cd 3.8 ± 0.5abc
1.0 NAA 2.0 ± 0.26cd 0.9 ± 0.21c 2.4 ± 0.34d 3
2.0 NAA 4.1 ± 0.70a 0.4 ± 0.05c 2.4 ± 0.45cd 1
5.0 NAA 2.7 ± 0.78bc 0.4 ± 0.5c 2.5 ± 0.40cd 1
10.0 NAA 3.5 ± 0.96ab 0.3 ± 0.04c 2.2 ± 0.40d 1
0.5 IBA 1.0 ± 0.00d 3.5 ± 0.97ab 3.0 ± 0.35bcd 1
1.0 IBA 1.9 ± 0.2cd 3.2 ± 0.53ab 3.0 ± 0.26cd 2
2.0 IBA 1.5 ± 0.18cd 4.8 ± 0.81a 4.8 ± 0.37a 3
5.0 IBA 1.7 ± 0.21cd 3.2 ± 0.48ab 3.5 ± 0.28bcd 4
10.0 IBA 2.0 ± 0.28cd 4.3 ± 0.50a 3.1 ± 0.27bcd 3
Mean values within the same column followed by different letters are signiﬁcantly different (Pin all IBA treatmentswhen compared to NAA treatments. The frequency
of root production in IBA treatments was generally higher than what
was observed in treatmentswithNAA at equimolar level. Callus produc-
tion observed at the base of the stems in treatments with NAA makes
the shoots undesirable for acclimatization despite the presence of
roots. Therefore, considering the root length (perhaps indicating the
functionality of the produced roots), frequency of root and offshoot pro-
duction and even the number of offshoots produced, the choice of IBA
would be a reasonable option for in vitro rooting of C. album regenerated
shoots. Superior activity of IBA for root production has been reported in
Rutaceae species such as R. graveolens (Ahmad et al., 2010) and Naringi
crenulata (Singh et al., 2011).
The superior action of IBA on root production and elongation as com-
pared to NAA can be attributed to several factors such as its preferential
uptake, transport and metabolism (Muller, 2000). IBA promotes root
length by inﬂuencing the synthesis of enzymes involved in cell enlarge-
ment (Wada et al., 1998). According to Krieken et al. (1993), IBA could
enhance rooting as a result of increased internal free indole-3-acetic
acid (IAA) during its metabolism or it may act to synergistically modify
the synthesis of IAAwithin the plant. On the other hand, the presence of
NAA in plant tissues in free form might block the outgrowth of roots
(Mansseri-Lamrioui et al., 2011).
Table 4 shows the effect of different IBA concentrations on root pro-
duction in cultures incubated under a 16 h photoperiod. There was root
production at all IBA concentrations used, similar to the observation re-
corded in cultures incubated under constant light. However, the mean
root length and frequency of root production recorded in cultures
grown under a 16 h photoperiod (Table 4) were lower when compared
at the equimolar level to what was observed in cultures placed under
constant light (Table 3). Furthermore, the number of offshoots pro-
duced in cultures under a 16 h photoperiod (ranging from 2.8 to 3.6
shoots as shown in Table 4) was lower than what was observed under
constant light (ranging from 3.0 to 4.8 shoots as shown in Table 3).ight.
equency of root
roduction (%)
Frequency of offshoot
production (%)
Frequency of callus
production (%)
0 72.5 0
7.7 64.1 35.9
5.0 42.5 37.5
8.4 26.3 50.0
7.5 30.0 62.5
0.5 15.8 47.4
0.0 62.5 0
2.5 57.5 0
2.5 70.0 0
2.5 82.5 0
5.0 75.0 0
≤ 0.05) according to DMRT.
Table 4
Effect of different IBA concentrations on Coleonema album root production under a 16 h photoperiod.
Auxin concentration
(μM)
Mean number of roots Mean root length (cm) Number of offshoots
produced
Frequency of root production
(%)
Frequency of offshoot production
(%)
Control 0 0 2.4 ± 0.30b 0 63.9
0.5 IBA 1.0 ± 0.00a 2.2 ± 0.93a 3.6 ± 0.34a 7.5 82.5
1.0 IBA 1.3 ± 0.33a 1.4 ± 0.4a 2.8 ± 0.35ab 7.9 76.3
2.0 IBA 1.6 ± 0.4a 3.1 ± 0.81a 3.4 ± 0.31a 13.2 86.8
5.0 IBA 2.5 ± 0.71a 3.0 ± 0.42a 3.3 ± 0.31ab 21.1 76.3
10.0 IBA 2.4 ± 0.54a 2.2 ± 0.44a 2.8 ± 0.31ab 30.0 65.0
Mean values within the same column followed by different letters are signiﬁcantly different (P ≤ 0.05) according to DMRT.
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under a 16 h photoperiod in many species, culturing under a constant
light regime was more favourable for C. album.
The ability of regenerants to survive under ﬁeld conditions is of great
importance as it determines the success of in vitro propagation. Plantlets
have to go through a transitional phase from a protective, mild and op-
timum environment in vitro to an exposed environment in the ﬁeld
which can be detrimental to their survival. Rooted plantlets were accli-
matized successfully in the shade housewith a high survival rate and no
observable morphological aberrations (Fig. 1g and h). The ﬁrst and sec-
ond batch of regenerated plants kept in themist house for 24 and 8 h re-
spectively, before they were transferred to the greenhouse gave a poor
survival frequency of 32% and 37%, respectively after 4 weeks. The sur-
vival frequency dropped to 21% and 29%, respectively after 8 weeks. The
third batch of acclimatized plantlets kept directly under shade gave a
high survival frequency of 83% and 75% after 4 and 8 weeks, respective-
ly. Theseﬁndings indicate that toomuchwater and temperatures, above
30 °C, are detrimental to successful acclimatization of in vitro regenerat-
ed C. album plantlets.
4. Conclusions
Ourﬁndings indicate the effectiveness ofmT in enhancing shoot pro-
liferation from shoot-tip explants of C. albumwhen compared to tradi-
tionally used cytokinins such as BA, KIN and TDZ. The exogenous
addition of auxins further increased shoot proliferation, suggesting an
additive/synergistic effect of auxin when used in combination with
mT. The rooting of regenerated plants with IBA under continuous light
was more effective than the use of NAA or culturing under a 16 h pho-
toperiod. The developed propagation protocol for this highly utilized
medicinal and ornamental plant species is simple, efﬁcient and amena-
ble to commercialization.
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